continues to maximize output and employment for the fast growing population of the country.
This plight calls for 'Integrated
Agriculture' with livestock, poultry, forestry and cottage industry.
Among the cottage industries, sericulture is an important welfare-oriented village-based activity. One of the special features of this industry is that of the mulberry crop --the sole source of silkworm feed --can be grown under diverse environmental conditions by small and marginal farmers (Panda, 1995) . Fortunately. Pakistan is a sub-tropical' country and is suitable for growing mulberry and rearing silkworm (GUO, 1985) .
Sericulture is a highly labour-intensive enterprise and has played a significant role in economic development of some of the now advanced nations, particularly Japan, in the early stages of modernisation (Otsuka, 1982) . Due to high cost of labour input, Japan. China, Italy
and France have diverted their resources from sericulture to electronics, transpOI1, and heavy machinery industries. However, the silk production culture is getting popular in labourabundant countries such as Vietnam. Thailand. some parts of China. India and Pakistan. Sabir ( 1997) argues that India and Pakistan among the Asian countries are in a better position to develop this sector. If adopted on modern lines backed by advanced technology and knowledge from countries such as Japan. China. Korea and Thailand etc. then this cottage industry could prove more remunerative than most of the cash crops (Hanumappa and Anatharaman. 1992) .
As regards development of sericuiture in Punjab, Pakistan, it was "first introduced in Taxila locality in 1947. Subsequently. it expanded to forest localities where mulberry plantation was <1\ailable in abundance to support sericuiture farms. These forest localities are Changa-l\langa, Daphor. Chich<l\\atni. "amalia. Khane\\'al. Ghagat. Kundian and Jauharabad, among others .
.-\ccording to Sabir. in Punjab aboul 9000 households are engaged in this profession. about 18660 acres of land is under mulberry trees. and about 1053 acres of mulberry are as bush type plantation on government lands. 1\ loreover. 225 acres of bush type mulberry is planted on private lands. As regards production of Sericulture. about 12500 packets are reared annually pro\ iding 375 metric tons of cocoons. On average, Pakistan does not produce more than 300 to 400 metric tons of raw silk annually. \lhich is not enough to meet the domestic demand of the sill.-industry. An almost equal amount is being imported every year to meet the requirements of the silk industry.
The average yield of cocoons as this study indicates is 27 kg. which is considered very low as compared to the yields in Japan and "orea \\'here production is more than 40 kg from the same quantit)' of seed. The productivity per packet of seed in the study area ranges from 9 kg to 45 kg. It is hypothesized that the main factor affecting this wide variation in yield is management efficienc~. also called technical efficiency. The farm level technical efficiencm easure carries immense impol1ance in preparing development strategies. In cases \I'here the most producing firms are found closer to the production frontier using the existing technology.
then an increase in productivit) requires the outll'ard shift of the output frontier by applying 16 new inputs and advanced technologies.
On the other hand, if the farmers face significant inefficiencies, then productivity can easily be enhanced using the same resource base and technology more efficiently. What is needed is institutional and infrastructural development for better delivery of inputs, improvement in extension, education and farm management services, and execution of managerial skill development programmes.
The main objectives of the present study are to analyse the structure of sericulture fanning and measure the farm-specific technical efficiencies. To our knowledge no study has yet been conducted analysing technical efficiency using Pakistani sericulture data.4 The remaining paper is planned as follows. In section 2.0 we describe the methodological framework. Section 3.0
contains the results and Section 4.0 concludes the paper.
Methodological Framework 2.1 The data
Sericulture activity or silkworm rearing is spread over the large areas in the Punjab, especially around forest plantations. The present study is restricted to two localities, i.e., the Changa Manga and Chichawatni forests. These localities were selected on the basis of the concentration of sericulture activities. A list of sericulturists in and around the Changa-Manga and Chicha\\'atni forests was obtained from the sericuiture department of the Government of Punjab, Lahore. From each locality five villages were selected at random. From each village eight respondents were selected again at random. Consequently, 40 respondents were selected from each locality constituting 80 respondents in total. In order to get precise and detailed information, the personal interview method as a technique of data collection was adopted. A comprehensive interviewing schedule was designed. which was pre-tested in field conditions before starting the actual survey.
2.2 Measurement of technical efficiency and empirical model Farrell (1957) was the first who introduced the concept of technical efficiency of a firm. He defined technical efficiency as the ratio of actual realised output to that of maximum achievable potential with the same quantities of inputs and technology. Farrell's original work was of a non-parametric type, which was later extended to parametric ones. These models could be divided into two groups -one deterministic, and the other. stochastic frontier. The former assumes that any deviation from the frontier is due to inefficiency, while the latter allows for statistical noise.
The only exception is a study by Panda (1995) who used Indian sericulture data and analysed efficiency and productivity status by applying Ordinary Least-Squares procedure, Studies relating to sericulture enterprise of Pakistan include Jalal-ud-Din (1984) , Siddique (1988) and Sabir (1997) , who discussed the history, problems and future prospects of sericulture in Pakistan; and Namdar and Khan (1989) , Ahmad and Khan (1993) focused their studies on cost and profitability analysis of sericulture farming.
The stochastic frontier approach was developed independently by Ainger, Lovell and Schmidt (1977) and tvleeusen and van den Broeck (1977) . The key advantage of this technique is that the error term in such models has two components -one is symmetric, capturing the effects of those factors which are not under the control of the firm and the other is one-sided.
representing management inefficiency. Kalirajan (1981) proposed that the predicted technical inefficiency effects could be regressed on various observable explanatory variables involving farmer or farm-specific factors to examine the determinants of inefficiency: This two-step procedure has been used by various applied researchers. This procedure has been criticized on the ground that it violates one of the basic assumptions that of 'identically independently distributed technical inefficiency effects in the stochastic frontier' (Battese, Malik and Gill. 1996) . Battese and Coelli (1993 and 1995) According to Sattese and Coelli (1993) 
Where:
£'P represents the experience of the i-th farmer in this occupation in years; and edll indicates the number of years offomlal education of the i-th farmer.
Given the specifications 'Of the stochastic frontier and inefficiency models 111 Equations and 2, technical efficiency measures for the i-th farm are estimated as TEi= exp (-p;).
Various hypotheses are tested using generalised likelihood-ratio statistic, which is speci fied as
Where L(Ho) and L(H I) represent the values of the log likelihood functions under the null and alternate hypotheses. respectively. The LR test statistic has an asymptotic chi-square distribution with degrees of freedom equal to the difference between the number of parameters in the unrestricted and restricted models.
Results and Discussion
This section of the paper is divided into two subsections. The first summarizes the structure of sericulture production in Punjab. and the second explains the results of the frontier function analysis. also, better quality production (Otsuka, 1982) . The cost comparison of the surveyed localities indicates that the production cost per kg of output is higher in Chichawatni as compared with Changa-Manga, mainly because of low productivity. The labour input dominated by sharing about 70 percent of the total variable cost incurred in the production of cocoons in both the localities. The second major input item is silkworm seed costing about 10 to 12 percent of the total. The third major variable cost item is that of mulberry leaves sharing about seven percent of the total. The remaining costs were incurred on other miscellaneous items.
Proftwbilit)" of the Sericulture
Business: Per packet production of cocoons is greater in Changa-f\ 1anga as compared to that of in Chichawatni ( The results given in Table-2 sho\\ that the cost of production per packet declines as the size of the activity increases. \\hile the net returns are positively associated with the size. f\loreover.
rate of returns per rupee of investment also improves with the increase in the size of the c·nterprise.
Thus it appears that the sericullllre is a very profitable business. It could further prosper on a larger scale if supported by a better marketing system. About 64 percent of the respondents are not satisfied with existing marketing facilities and the prices paid for cocoons. 
Technical Efficiency Analysis
Three versions of the Cobb-Douglas stochastic Frontier production function given in Equations I and 2 were estimated using the computer programme "FRONTI ER 4.1" written by Tim
Coelli of the University of Ne\\' England, Armidale, Australia. The results are reported in Table- Table 4 show that this null hypothesis is rejected by the data. The second null hypothesis tested in Mod II is that of Ho: 81 = 82 = 8, = 0, which specifies that the explanatory variables present in the technical inefficiency model have zero coefficients. This null hypothesis is again rejected.
The parameter estimate of the education variable in the inefficiency model has a positive sign showing that technical inefficiency increases as the manager has a greater number of years of schooling. This is an unexpected outcome and could be the result of high collinearity bet\\'een experience and education -the correlation coefficient comes out to be very high (i.e .. 0.60). given the cross-sectional nature of the data. To resolve the issue whether the education variable has any significant independent influence in explaining technical inefficiency. the LR-test is again performed. The null hypothesis. Ho: 8, = 0 -that education or years of schooling has no influence on technical inefficiency. cannot be rejected.
Given the above statistical test result. the education variable was excluded from the inefficiency model. Finally. 1'.lod III is considered to be the most preferred model for further analysis. The results of this model are given in the last column of Table 3 . The signs of the parameter estimates are as expected. The sigma-square is found to be statistically significant at the 5 percent level pointing to the existence of firm level technical inefficiencies. The estimate cfy is found to be 0.997. This implies that the firms' productivity differentials mainly relate to variance in management. The high magnitude of y suggests that the stochastic frontier production function does not significantly differ from the deterministic production frontier.
This result is similar to that of the finding of a study by gwenya. Sattese and Flemming
( 1(97).
The estimated production elasticity coefficient for packets for the most preferred model IS 0.32 and is significant at the one percent probability level. This implies that a 10 percent increase in the number of rearing seed packets results in a 3.2 percent increase in the 2-1 production of cocoons. The coefficient of leaves variable is significant at the one percent probability level and is equal to 0.76 showing a 7.6 percent increase in cocoon production with a 10 percent increase in the use of leaves. The estimated coefficient for labour is 0.0009, which is not only small in magnitude but also statistically not significant at any reasonable probability level.
The sum of all production elasticities, which is called the Function Coefficient (Fe) is equal to 1.08 and the corresponding estimated standard error [Se(FC)] is equal to 0.045. The
Se(FC) is computed as
The hypothesis of constant returns to scale (He: FC = I, HI: FC> 1) is tested using t-statistic. The null hypothesis, He: FC = I, is rejected implying that there exists increasing returns to scale in sericulture farming. The magnitude of the FC implies that the production of cocoons increases by about 1 I percent by increasing all inputs by 10 percent.
The signs of the explanatory variables for the technical inefficiency effects are as expected.
The estimated coefficient for location is negative, which indicates that Changa-Manga farmers are technically more efficient than the farmers in Chichawatni. The parameter estimate of the experience variable is negative in sign implying greater years of experience with better education tends to reduce technical inefficiency. Performing the same task over and over again leaves lesser chances of error. Moreover, the previous management mistakes and flaws are usually covered up during the next production period (Kalirajan, 1981) .
The distribution of technical efficiency over the sample given in Table 5 shows that about 83 percent of the farmers have a technical efficiency of 81 percent or higher. The remaining 17 percent of the farmers show a technical efficiency of less than 80 percent. 
Concluding Remarks
The present research is aimed at studying the structure of the sericulture enterprise as well as undertaking a technical efficiency analysis of this type of farming in the Punjab province.
The results of the study show that about 58 percent of the farmers are illiterate. On average, a sericulturist is in business for the last 17 years -farmers in Changa-Manga have more experience than that of in Chichawatni. About" 80 percent of the farmers were without proper rearing pIa es.
As regards the cost of production, labour shares the main portion of total cost of production that is about 70 percent both in Chichawatni and Changa-Manga. However, the hiring of labour increases as the size of activity increases. Moreover, there is an inverse relationship between the size of activity and the average cost of production. The cost of production per packet is found to be higher in Chichawatni than in Changa-Manga mainly due to lower yield in the former --average production per packet in Changa-Manga is about 32 kg and in Chichawatni is 24 kg. The results also show that the production of cocoons per packet of seed is positively associated with the size of activity. Moreover, the net rate of returns per rupee of investment is higher in Changa-Manga (Rs 0.56) than that in Chichawatni (Rs.0.38).
The production frontier analysis shows the existence of increasing returns to scale in sericulture enterprise. The results of the technical inefficiency model show that the farmers of Changa-Manga are technically more efficient than those located in Chichawatni, mainly due to having better access to input and output markets in the former. Experienced and educated farmers tend to have lower levels of technical inefficiency. The average technical efficiency is found to be 0.88 with a minimum of 0.37 and a maximum of 0.98. The results further show that technical efficiencies of the larger-scale farmers are higher than that of the farmers with small sized activity.
The major problems reported by the farmers relate to: low quality seed, non-availability of leaves at peak season. low price of cocoon. sub-standard marketing facilities along with cocoon diseases. In order to popularise the sericulture industry in Pakistan, these problems have to be taken care of. For this cottage industry to be viable and more productive, some other measures are also suggested. including:
• provision of local cocoon drying facilities,
• exclusive development in the source of mulberry foliage for silkworm -presently leaves are available only in the autumn season making silkworm rearing impossible in spring. which could be done encouraging area under bush type mulberry plants at the farm lands .
• the existing sericulture extension directorates should be made more effective and accountable.
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• co-operatives should be encouraged for marketing of output and inputs, building of incubation centres and rearing places equipped with temperature and humidity controlled devices, and
• pilot projects relating to sericulture with community participation and involvement of local and foreign experts should be started in areas having silk production potential -such type of projects are in operation in some parts of China and Vietnam and proved very successful, see Yoshida (1997) .
